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(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid the effect of fluctuation in ambient temperature or a 
power supply voltage on a bias voltage of an APD. 



s 



SOLUTION: A reference voltage generating circuit 40 generates a reference voltage by taking 
notice of setting of a voltage to obtain an optimum amplification factor to a terminal 28 and of a 
temperature gradient of a breakdown voltage of an APD 10 and provides a reference voltage 
43a to an input 31 of a voltage comparator 30. A setting circuit 41, provides an output of a 
prescribed voltage 41a to set a voltage at the terminal 28 at which an optimum amplification 
factor is obtained from the APD 70 and gives the voltage 41 to an adder circuit 43. A 
temperature compensation circuit 42 provides an output of a voltage 42a corresponding to a 
temperature gradient of the breakdown voltage of the APD 10 to the adder 43. The temperature 
gradient represents a change in the breakdown voltage with respect to a change in temperature. 
The adder circuit 43 adds the prescribed voltage 41a to the voltage 42a of the temperature 
gradient and gives the sum to the input 31 of the voltage comparator 30 as a reference voltage 
43a. The voltage comparator 30 obtains a difference between the voltage 50a and the reference 
voltage 43a and provides an output of it as a voltage control signal 30a. 
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(57) 

«»J8fS**l»*fcto(0WlEa>RS£APD 70(7);7U— £ 

Ehfc^§&30(DA^31lc*f-r-SS^mJ£43a J4ilS 0 15 
fiffl^28<DmEE^APD 70 f::** LTgigiifglg 
*»4ZltA<T»#««JEIcRSr4fctoa)BfSa)fllE41 

a zttitiL. an«iaBM3ic**.«. }^m^m\B\m42\t. 

APD 700)^U— 9 5r^>mE0>aft«I«r=afc««EE42 
a £tB*>U *n»lHlB43lc#x.^ 0 C(&;£gM£M*. ;g 

«[H)SS43I4. ffrS<Z>midE41a £Mffl»l::MSfc««EE42 
a SmmGE43a fc LT^E J±«S&30(7)A;*J 

31lc#a.4 0 *0Eifctt»3OI;l\ mGE50a <t£tg®E43a 

-r& 0 
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Kffl/WTXBEEMfflllHlKlcte^r. KESS 

I*. 

10 

SEE * Hi * -T « K^miEttl ±i^J£ ib . 

r^-x. £>*i3mi3E <b L < tt* l^lWIH«mM»« 

«TEWI£Rr3fc¥RM\ -xv^^^miEWfi-^fC^oT^ 
;URT»Sfii:^R£#3K KriB«EM«IA««1liriB7^5> 20 

x:7* h$V;*— Kffl/Wrx«BE*J»HI». 

WEtfSKfcor* 30 
Rfc. 

l»Ea*tt-^a)«lE*Hf«0«ffilcKS-r*fcto(DRS 

«ffi*w»-*-4Rje«Eai**R4:, 

ffi Efflfittft Ic a fc « ®E <b ItrElS^miE fc 3^ 6 Sipm 

U «EWERrK*JRlc>fUr*iL*ttll 
«»#Rtt*^ 40 

ittE«ERrR*«i*, WEAiifliT-iciawizttttaFiifc 
«ttt, ttff2o«etrcttffi$nmE«E«iiiP(K«rcj: 

o r «aofM»*f7 5 fc A© h7>vx^ <b £ #fc®;7S 
«MP»***K IME«ffi»W«*l=J:-Dr. ft!BK7> 

£*JWU fflE*1(D«ta^:«2(D«tat<D(Ba)««jS 
^&WEtfi*M^a)«EE*ttyuj-rc:t*1*«t-r* 

&o 50 



r. ItTEJtttMff^Rld:. «ffilt«m=J:oriWEaWI 
«EiltTEaJ*^lcRSSjhro««IE£ £itfSL»i 
»mc«b^Bi:«7/^>vx^t h***— 

SdJ*lE?7/^7>vi7t h^t- 

wntticfcor* Rasi*. 

»*mv »BdJ*«*<D«E*Br5E0>«ElcRje-r* 
a*«EERfi#«fc. 

K»EUJ*«^61WE»1 0>*a**Lr*«*5l#a 
t?#JW*fTLV SdlB7A7>vx7t hy-f KtDiB 

*ipi«)(»««ffa)aft«»icafc4*a*gi#at?aflE 
«»«a5i#a^*Rt. 

RfiO>aWMtEE*R£U ttS*mE^IVEUA«^ 
bflSEl 1 <7)fi6tS ^ Lr-5-*_ 6*i51Et4^ L < ft 
^)J:7lzI?EmiE*Jmim^*^fifcL. WE*ffipT**R 

T/^VS/x?* h$f-f jj-— Kffl/W7^tE«»a 
[»l*«5] if*3l4[CE«C0lllKlCfcLNr. ffiEffi 

*SER3E^RIi. 

i?r£a>WE*iflE*i <d h^>yx^ic^.^.r»ft* 
1*. fJEmia)Rr^}gfita)gtt{s$.g|^LT?i#a^m 

3K*tfJWU MEtb^J*^(Dmi3E^RfT^CDffllziS^-r^ 
ut^attl)7/N # 7»x7t h*V3f— Kffl/\V 

[19*31 6 ] WsfcH 4 *fcl± 5 icEtta>[s]»fc 
r. lttE;flft«»«a5l*a^¥RI*. 

MEmi<DfittfcfS8J^^ % SI*&*W%0MW«fr5 
t-&><nmz<D h^>v>x$<b. 
tt*2©h^>s;x5nz»«*4i % ?!#a^m;jSc7)i@s 
*fT5K2©pT*««4:*^. 
lirE«aj«*£«TEW 2 <D h ^ >vX^l^tif^* 

tf, mE»2<owK*aa>«tn;ffl*iii»Lr3i#a^* 
or, 

TOEWEpTE^RI*, UEA*tt^lcitWfztt«*4xfc 
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*ttt. ISIS 3 ©Staled £;h,. «riB*E«l»A*l= 

*oTmsiE0)$«£^-5fctf>rom30> h7^vx$tj 

hues 2 OTSstfccfc t;m 3 omtii-fttix&'g.ffi&mm 
U B?lsm2rostiT:^m3<ofetai:a)Wa>^gE^A^f,tij 

U WIffiA*lS3lE«ff*«liBl-r-5Ci:$»afr47'/< 

So 

[18*11 1 0 ] Ii#JS 1 tji\,\ l 9 roivr*u!>M=Ettro 

7>'>i7t hV^*— KfflcD/WT'XBIE.bf -Set 
$¥fWLktZ>7''* : ?>i'x7* VV<<ir— h*ffl/\V77 30 
«EE*J8PIe]S&„ 

wehiiihuucjs cfcmair pm#ij» Ltu*-r -smmsi 

dB^mBEKS^Ri:, 40 
K^'T^--Kffl/<-t'TxmE«i|^lH]KI=fcLNr, jgJlM 



£881 u tfrEA*^i=Bf£<oia&sE£BJft] , r.5« 
EEPftixfi^ 

i*#fcci:*1**4:-r*T/<5l'*>x:7:i- 

[IS*JS12] W^iglllcEttOT^&lcfcl^-C. 
tMEti]*)*EH£¥RI:t. MCR1 03jSfctK£|sa£;h.3l 

ff?mi OBl3EffiS<t£^, R)f3£OTmix£l!tFES& 1 05 

H>Ema«EE&5£l8-ett, ffTEm 1 roUSEffifetrolgta 
ffi£83SSLT3l#&*f-BS&£*iKSilU flEiii7D4S^-<Dm 

e*bt ^rofiiicias-r •& c t t ■? a tj ^ > v x 

Itm&i 3] IS*«ll*f=iii2i-E«a)^aicfcLN 

£*u 5l^ji^5iEro©jja£f7-5fcto(OSg2a» 
a5EroPS£fram2a)pI^Jgtt<b£^, fflE^tBti^ 
ffiEjEgra&ia^IHT-li. IfTE^ 2 <OpI3ESfii<OSta 

CI»*«14] 1S*JH1U 12*fcli13l-E«S(7)*;ilz 

MEmi±pr^^SI*, fl?lEA*4S^I-iS5iJI=tSja**vfc 
m2<D«fitt. Km2<Ogtn:<klI5iJlctS^$ixfcm3fl) 

ot -d x mifcomm -5 frtbom 3 © h ^ >i?x ^ t £ 

WEmE*flj®fl^l=ct^>r. t9Em3<0 K7>^$A< 
MESg 2 (Dffifcifc <fcl£S£ 3 (Dffifei(3iS^x*m/TtE£ W 
L. MEm205ffifiti:m3rofiJjt<!:roPflrom^A>f,|tr 
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[11**1 5] 0***1 1* 12*^li13lcieK<D^lc 
fcl^r. ffirE«EEpTSE¥ai4. Ti**;u«iE1M»«#f:: 
cfc o tfy^ ;uwic«fittt t LiftS-T -5 z t *t-c# 

tf-^ICcfcor. Iffi^^^Ktttt^aofettfl^K 
£U l»IBA*IISK«Et«mi-r*c:tt*«i:f*7' 10 
/^7>vi7t Kffl/W7Xmff®I»lHl»a) 

[o o o 1 ] 

SHcHU 7/\*7»i7t K(APD: Avalan 

che Photod i ode) !:^^\V7X mBE OWcMVl ffllzM 

[ O O O 2 ] 20 
[ft3fc0>ftffr] tt*. SfeSflvX^AIcfc^ri*. 

[0 0 0 3] ZCDAPD Ofi-^5t«3SEa)iiMf*ffl 

il^. itfS^MIZcfcorg^ftri^o APD &$hm 

[0 0 0 4] »ft*fll-36*iCl*. ^it-y^t- K 

fgigM£-SlcLrfc<;fr&rfc£ 0 itf&*fltSE»I^* 
li. ftlBHOSllHftiHW (Automatic Gain Control: A 
GC) £*MtTAPD <DWLffi/U7*nE. : £:&mm\zmWir 

[0 0 0 5] 

immw&iL&ot-fzmm 40 

<t£»;S5t(7)i§£l*AGC *i*SS<DSffi3ElS^«asaESift 
if0RSlcJ:oTAPD (Digte^tfSEKU «#»H*lt 

lc«fcorSSE*±Is]K«hLr, fc£*.fSs ESMME® 

0 /itatwiE (dc) d >/ ma^mms * 

o7c 0 z<DfcAlHlBa«A<*#<ft*i:^ofcMH4ifc 



[0 0 0 6] ££>lc£fc, APD (4. El2ic^-rct5lci3» 
S^0)KttlE (^U~^^0>miE) IC^LNTigf&* 

C(DlEiUT0/\VrxtEt^ffit5^fcl) o L 
^^ZCD^U-^^0>mEI4. IZTf.-rcfc^f-APD 

APD £ffijft£t!:&5*-rict. JBHSSttlEfl:!::***- 

«wi^«^»Jt*Jt*A»l^*fcft|c#«fzM)!i: 

[0007] z<D±5ti:ztfrz>. jflnajKKn^«a( 

mE<0^1J]Atfcor*,*<Df&g£APD TXWEf- 
•$iLttl*J:3U:U APD Ic^orSSfciifg^lz/S-f'T 

[0 0 0 8] 

*J £ ©EflHjj»{i-S| ic cfc o r ® IE L d3 *) "T 

£mi£pj^¥is:£#^ zKDm^mE^APD icgiira-r* 
fco-c. apd a>at^na)Mft*Ea)ade«Mic«ft:«« 

LT^* 6*t««Efc L < tt* «fe 3 l=*EE«ini 

cfc T-t^ * ;uMlc«ffiffi£ pT£ LHJTr 4 c <t #r £ 
5T^$;uw&jgta^a£^*K SEWfi§$fv^ 

cfc or. ^*UUWfc«tt#K0tt«tt£R£U A* 

floras sttsp-r*. 

[0 0 0 9] CCOcfcd^Sj^^S^Zcb-C. g*ms 

< ts * cfc 5 CUfctNMffll^a** b «E«J»«#36<ffl * * *t 

Tv^;u<f^lZcfcoT-rv^;Uaj^}gfii^a*nI^L, 
WflEft ci36t-e#*. Lfr*< 

[0 0 1 o] Sf-. ■ffBTSt^a*. AaHHF-KIfcWiz 
*J^m^fc c fcor®;7S0*W^f : ra/--toa) h7>vX^ 

fc**t?«a«n»»**^ mm^mim^iccfcor. h 



(5) 



»BB¥1 1-205249 



emu mi<DtetKtm2<DtetKt<Dm<om®&frt> 

[0 0 1 1] £ *^BJ(DAPD ffl/W7XlUE1|HJ» 

W*ffi>. apd <oai*fiia)B««jEa)5fljS«»rz^fc* 
«a*3i*at;a««»«a5i*a^*«i:s Brjea>* 

»fl»*£ritU «EpT**Slz«LT*iL*Jt*«I«l 
[0012] za)*5«:«fiE*«y. APD eoSSiMtt* 

lcSfc*R5EWE#a>m»*:* APDcD^U-^7^0>m 

^fis^coms <t *<«iz^ l < ft * j: 5 \~ttwtmw^&fr 

[0 0 13] S£|C*/iu **WIZ«*:*ttf, A^S^IC 

pr*«»Lai*-r*«ffiprjE*fia:**^ c: ©a a wee 

£APD fc^ftlt-*/WTX«lEt LT«WLtti*iai^ 

Lr«at£5i*&t?m*mv aijaa^miE^BfS 
i <D«tss^LT«ats3i#at?*fjfBtmv apd a>as 

*M»WK5I BrS(D*2MIIE£R56U c 

Jt«»^<DllW±*tT3APD ffl/Wrx«lEf»J»SBa) 

Kssaii, am-*- *>apd o>ai*ifi3(D»{*maE<Daffi« 

l=ttffl-r«APD *««U A**y-l::B»e0fc3lE«E* 



[0014] ca)*5<clllBxa*a«zi:'-e. SAM 
«<DRS£fr3 4:#f::APD t«MMft* a eiM«»1±«fc 

mj£S:<^ : 5-^^-e#^)(7)-c, APD i:Jiti/W7^ 
10 «B£»l»*KStt«|-Cff 5ci^-e*«. 
[0 0 15] 

hy-f*— K(APD) ffl/W7X*EMWIIB100 (DHJfe 

ffl0aEB<DBBttj£B-7&« (mmffi^i) o c(Dmco 

APD ffl/^7X«l=E*JWIslB100 fcfcUT. isma^ 
ElBIOIi. KlMtXWE (fe&jUi* S+vgS) 10a 
*U*LA*«l*12l=BPJip-r«. WEERTfcE]B20f4* A 
* 4S^1 21c En in £ *ifc KSKVSlOa £ «EEJt««30^ t> 
20 B***L**IEfWW«#30a l3*oT»Kr*«aimffi 
20a izT^fcmLtfKBlcgijn-r*. 
[ooi 6] »2flSlE*^I5iB40tt. MBT-28l::ttLT* 

]t»»30O)A*31lc«-r^*lgaJE43a £-5-*_£> 0 ffl* 
mEiS^Is]B41 1* % ^280) ® EE £ APD 70lc*fLT§2§ 

miE41a £m*L^g:[H]ffi43lz#*_£ 0 affi*t«lfi]B42 

r*, apd 7o<o^u— ^y^>«m<7>ajs<s^A (V/ 

30 °C) (z^fc^>mJE42a ££2lU *P^Ih1S&43Ic^.h_^ 0 

"Cfc*. *D^lE]B43[i. WBEpJr^(DmE41a tWrlHajt 
««A (V/°C) l::iiJfc-5*jE42a fctJMtU S«« 
13E43a LT«EEhb«*30(DA*31 fc^^_^ 0 

[00 1 7] Tv^*— *50f*. aS^28lzit?iJ(cf$^S: 
*ifc*St51i % ca>«tft51f^B[Wfz«tt**ifc»tt52fc . 

6*1***1. S^OffiMSfilHiB^fiffifiasS^SSIz 
8M***U »ta51i:Stt52*t<om8iiS54<D»EE**lfcm 
40 IE50a ^miEhb^§§30(DA^32{z^-^^ e WEEit3£S§30 
14. ffiSSHEE50a £1MB£WttjE43a <t©mix££*tf> 
T. C0>*BE*£*BE1HMl-*3Oa £ LrmBE^T^EB 
20lz^-x^)o 

[ooi 8] n^/<x;7>r;u£[H]S§60l*, «?-28lciKW 
*«**Lfc»ta61t. COl5tt61lcmiS*nf-=i>T> 
^62£^£®/££*u =»>r>-^62(7){i!iffllilH]Ba)g{S 

mfias^63fcf$^^tLr y . a v^^^t 

so «w»*s*i«B«5i=Biin**L«. 
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[OO 1 9] APO 70l±. 4ST-65^6.A-f T*miE60a A< 
EP AO £ hi < •< T * £ Hltm^ *<EP AO * *i * «k m5!t70 
a £m:ftLm/Tfimi££&if*SiaS&80lz.§.;L£„ *SK«E 
3E&ifi|iglE]SS80li. APD 70(Dlb^m5iE70a £mE£&-T 

[0020] 3fcl=. m 1 (DIHS&100 (0Klf*£8iB.H-T£, o 

mnsragiHi^2oiciiismii*^iHiKi o^ ^mE*<A* 
T?sig^-28a>mffi*Rff^a)fiiicias-ri>fc«)romE4ia *< 

ttiJlZHrL. Ja»ls]S&43lc.§.*.e,*u — SSMffilslK 
42-CtAPD 70O)^U— ^5C^>mE<DSS[^lcafc-5 
mH42a £*u *DiH2li»43lc^.x.P,^^ (1 

[0 02 1] *n«lHl£S43-CI±, mE41a t®E42a ktf 

*off£*u co)ia»miIA<S^mffi43a iLT*Elfc« 
SSSoroA^siiz-^ite,^^., ®EEtfc3£fs3oroft&;£a>A2i 
32tl*4S^-28CDmiIA<r v x*— S< 50-C?M*£;h.fcmEE 
50a *<A2l£*V S*miE43a kW&it®t-*i. HEEH 
A<mEEW»li#30a irLrtti**^. mEpI^lH]K20lr 
mm£&lE]S&20-t?li, mEE«i|?aHI^30a ir 
J5i:fcm*il3ftmEE*<ai*^+u4S^28lcH5in*^-5. 4$ 
^2813^*0 *+tfcfi5Smiif*. p ^ -r ;u-Sf BSS60 
TfSS#A<^**tAPD 70-MD/W7xmEE60a «t LT4& 
^-65l=En*a*tb*. 

[0 0 2 2] |^^lc4S^28ro®mii s 7'?f*- 5»50t? 
M^**tfcmEE50a A<mEEtfcKS§3005A*32lz^^ b 
*U -(te*roA^l31lc^.x.e,*tr^SS^mEE43a tttIS 

**t. mEE^i^f5cfcmE$ijfflHi#30a A<m^**tma 

BT^[slK20l^xe)^x-5„ c<7><fc 5 mil 
50a t&mWEE43a £*<H Ucfc-S*TMT:h>*u *HL< 

[0023] C0)J;5lc«fiRL»l^*-ar-5Ci:lcJ:o 
T\ igfS^fil^ffil^^OT.fca^AGC 4NI»(DSflEKM-P 
m;iamEElEi!ii-«i:^r. APD 70OTJgteJgA<£S]LS#*f 

ifccD <fc 3 I-DC/DC3 >/ *>JS««tti * Lfc y 

ft. S«lE^IllS10$«{ai;U-^lc«gx^)Ci:A<-e 

^mi£ie*lEli»10i:Lri±. J±«Mle]S&Sim<D'h£ 
nflS^MfcDC/DCa 9 SSfflt^Ci: =fepIfl|-Cfc 

y. c4xic«feo-cs^B»^S{<-r-5c:i:A<-e#i>o * 
fc. tt+vaflE«>stt«R0!)it9iE*a«EE«it»>iyi& 

[0 0 2 4] El 41*. APD ffl/<-fr^mEE*flffll|2]IS100A 
0)3IJ£Wroi51KfitfiEt?fey, mEEpI^lllK20A £JU*lW 



ntr&oig] 1 (oisiKioo trnttzk^zit. ms^nrnm 

20A ^»{*:B*)lcBSffllc*Lr^^<tC?>-efc^c -Tfcfc) 
*>. *mEpr3EEK20A roTt-a^Z-xv^^^tslS 
22li. mEi£&S&30fr£#x£;h&mffi!!W{t*§-30a £ 
7 s v £ ;M|Ettff 1l*22a L T t v * ;u &fit 

[EllS23lz-?.xS. 
[0 0 2 5] rv^^W^ttta@K23l±. fi?^JHE 

10 SHEE^[HlS10^e,(75ia3iEmEE10a ^v-SUUPm 
SStlHlS23-eiaS U^Stair ©SfctJtlc J: o T3S 
ig^gicEPJD-r^,,, SS^29 comEE l*«S^28 f=t 

T^i?^ ,lHimfl^fi^22a OT^^klciS lltflISS < ffiffi 
!EtB;bmEt^v*;umE#HiPti^22a ©*<bl=«tT 

20 [0 0 2 6] fcfc. iSmE£»±lEl!^10(Dtil*-<>e— ^ 
>X*<JKl>«^(*. JSSi21l*^B§-r-5)Ci:A<-r?#-So 
[0027] ni4(oislSiooAa>i6^*UiB^-r-5o 
mEEWSl2]K20A lc|±^mEf§^l5lK10AMbSmEA<A 
*4S^12^Lr-^jte,*L. «tt21fcEp*D*^-5)„ - 

ai*mEia^leia4i-esg^28rom)E^fl>f^roMicK 

£f -5fctf><omK41a A<ai**^.-5i:, jDS:!l]a43IC# 
ibti. ;Sgtt«@K42T-=fcAPD 700) iKs-W 

t7>mEErojaS«^ir^fc*miE42a A<tti**+L. AOS 
UK43lz-^x.b+L-5o 
30 [0 0 2 8] ftlS:i51»43t?l±. 1SEE41a tmiI42a k& 
IxmZtx. cro*PSmEA^*mEE43a iUrmEEttSE 
Sg30O)A*31l^x.f.+L-S>„ mEikKII30ro{fe^O)A* 
32lCl±SS^28(DmEEA<T ^7*-^ 50-e3S&g£;h.fcmeE 
50a A<A**H, S*mEE43a tmiEtbS^+t. 1E§ 
36<BEWfflHl#30a «hUTtb***v. miEpI^0SS2OA 
mE^lHllK20A "CI*. B1E«IHW«^30 
a A^v^;umE*l^Ht^22a lzfc»**u C(7)<§#22 
a lcJ:or7V^^lSta[Ell^23A<*ff5-r^Sfiv<iilciS:^ 

40 P,ICCromHA<S!Sg : ? : 28lC=t l EnAn$*T.-5 0 SS^28ICED*0S 
*tfciE3lEmEI±n 7 -f lslif&60T-$t$A<R££ $ 
APD 70^(0/ W7*mi£60a k L-CSSiF65lcEpiia* 

[0 0 2 9] I^B#l;:^F-28©iEaiEmiII*s 7 •y^r^-—^ 
50-CMS*tLfcmEE50a *<mffttKS30O)A*32lz^x 
^fe^roA^J31lc^.xC,4^Tl^■5S*liIE43a irtt 

mE^i=r5i:fcmiE©j^«^30a *<tb*i*^, 

mEpI^[El!S20A lz#x^4x^) 0 C(DJ:5tcmiIfi]ffll 
mE50a i:**mEE43a ktfmC\ztj:Z>3iT'i = rt> 

50 ti. &L<tjiZ>k. *<DB$&<DnE.%iimmmoa tfMm 
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[0030] ia±©*5*mi£prMai&20A ofs/s^n 

^dirt?. ttEfflttti^Oa (B&fblzJSXT&llfzWS 

S<fy^ ju^KttftiSE«3-c tttttt £2^ « z t 
#*cd-c, «m9. 28a>«E*»*BK fctf-c 

Lf:^ot, [§]S§100A<h LTI*. aftttM-PUK 
WEMBtffcoT*. SSigte^lz^a^IzfS&BU 
/W7XtE*WPt4zi*<'C*4. L**. Sl«<b 10 

[003 1] H5I*. APD Jf!/<^7'X«E*JSfll£]S&100B 

&0&&2OB t#H*MI=B«c^Lr^«Cfc-C*« 0 f 
fcfr V *«ErT*EI*20B lzfcl>"C\ ig®ESE±[E]S§ 
1 t> 0) tt * iSSK«ffi36<B«ni * *t 4 A * aSHM 2lz lifi^J 20 
lz«tt21jM*Hl**u (ft*l*«^29rc««*ii.' ffi^29 
<b: MH*-28i ttn C«E4<BUD*4vCJ3 y . iB^lzteH 
*Jlc»8t26j&<»|***u teaSf* k9>i?X*24a>=i 
* XlzttMEEJfcMMOfr &*EM«VA 

^■30a 7b<^£>;K£ 0 X5^4rfctt«gt25A^»ttaF*i % 

fiS25(Dffe^aliI53K<7)a^gmafis : f L 27lz^^g^^?Hrt^ 

[0 0 3 2] mEE*Jlfflfi#30a A<h^>vX2240)'<- 
Xfz^-^^+u^i:. ®EffH]ffcP«#30a tf>:*# £(zj£ 
»ta2U 26fe«fctf25lza*t*/W/^«a21a <Dfit£ffl 30 
»t^o Chf=J:^T»ft21t«tt26i:©IUia)tt«jSia) 
ttT29amE««E*MI-930a 0>***IZ]£i:t2Ex 
&ZktfV$&a -Tftfe*, «E*]»«-*30a <D«E*< 
**<ft*t, /<<f/<Xtt9K21a ft 

y. «a2iicfei+««E*T*<**<<j:y. <®^29<d® 

EliTIf 6*1*. i£lz, «EWW«#30a(D«E 

*<'h*<ft«i:. A*</*xm3521a **</h* < ft 

y „ *fit2ii=fcit«mE*T^/h* < ft ytffroawE 

l*iS<ft£o LfctfoT. «B«9<D«E<D£fl:lcjfci:T 
flg^280)mECD^^ * t IQ C<£ 5 leSEx £*v£ 0 40 

[0033] ^(D^^izmmmmm^oa ic<toth7 

>vX$24rt</W/<xm3£21a £ iMW* - 3 - £ lz * *o 
t\ mEJt^§g30(DA^32(7)®IE3!)<, A*31 lz** **l 
TL^4»*mE43a <hS? L < ft £ £ 5 Izftj^t-* Z <t />< 
T?££«fc-5fzft& 0 

[0034] zcDtzth. %L&&W} j pmMnE.mmtf& ^ 

ttT280>/^f7X«Ee»»t«»l=**J:9l= 
tt*A</W7X*E£M*P?«c&jb<T?ft*. L* 

1EpI^{hIK20B <B«fi£*<. «tt2K 25, 26£. h 
: 7>vX^24 < tfcJ:or*fiE*4xSfcto. ffliD a a /S$**,'> 50 



ft <JMMb£S»lzff5 «SBB«^d&rz 

[0 0 3 5] 0 61*. APD ffl/^f7X«E#Jffll0i»1OOC 
(0*lfi«a)lalttfllfi£T?fcy. «3!E/<-f/*X|Sltt40A £{£ 
ffl LTttAftE^llftfe* T/afi««<D»^SfT 5 0S& 

flijatta-fB-c** (m4^j6«) . zoaizisi^T. 
weptkejibmob ii. wra«)ia5irai:h^>yx*24 

SSIz. ffii&<tftft£<*:Z;5f*. mEJ±&S§30(BA 
;fa31fzli< z<7>«Elt«»30a)«aB«EIEHa)fcix. 

lz. g>mn&&±\Bim3fre ? &±irZ> 0 mE£fc$£«g30<D 
f6*<DA*32f=l*M^28tltMfc««S*Lfcr^T-*— 
£50A fz «fc o tlERT * tifcBESOa a<A*)£*i4o 
LA>*. 7*;f*- £50A lzl4«aE/*-f/<XStt40A 

[0 0 3 6] Z<D«3fc/W/<X|I]K40A I*. Sfcm8lz» 

apd Too^u-^y^^wEoaftaw^icafc 

lz|*. *St/W/<X|I]i»40A 0)tib^mEiS^[El»41A 
4g^28(DmE^APD 70lz« LraSlgfS^$-t#4 Z 

^A^t^wEizKse-rifc^maosisa^sfTiv 

ffl^28(7)mEia^*fT3o attMfltBlK42A 14. APD 70 

*50A ^&3l*a*. mEJtK^30O)A^32(7)m 
E*HSt-4 «fc 5 l=fttfl-r*. 
[0 0 3 7] 5felz. H6 0)I51B100Ca)«ift*BiWr4. 
iSflE»*lHlB10)^6IK3lE«E3&<ta*4*t. mEBj^fa] 
»20B (0ffifei;21lz^^t>H4 o S^mElH]ffi33^C>aiI 
ltttS30(DAA31lz*2|MtEE31a A<A***L^o fcii^m 
EiS^@K41A fcJ;oT, APD 70coa®iifS^lz^ «U 

iz, apd 70(D^u-^y-5>«Ea>aafai»»a)«sfc* 

«EJtR«300)A*32ja3&^ei/<-</<X-r*. 

[0 0 3 8] «EJtK»30-CI4, Tyr*— *50A tl 
EBT**ifc«E50a A<A*32lz#^. 6*t. A*31fz^- 
x.&tLTt^«K*«E31a ttbtt**L. 5S*(D«E^« 
lz^L<ft&£-cmEWd-^30a ^n&S^28<7) 
a**E*PTI6*«»aF*i«. ^"ft^*>. hv>vX*24 
l*mE$i]^m-^30a fzJ:or/<-f/<X«3IE21a 
tt^o m%l'U/<*m<D h^>vX^24(zJ:or/NV/^ 
X*4x4«gKi:«ta21i:a)aizJ:y±C4«EBTfz < fc 

oTSB^sflotaajmEtssft-rs-fcdicMft-r*. 

[0 0 3 9] *fc, «3lE/<-f/^XElI»40A (4, APD 70(7) 

APD 700)^U— &y^>*E0)aftffl»»a)«3(t*«E 
JtK«300)A*32^&/W/^X-r*J:3lzlift'r43W. 
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A*j3k AM2O>ni£\tnEEtt$Lm30<DnE.famm^3Q 
a Iz&'oT'&lzWt L < "5 KfrJffl^Tl^fctfu 

«3K/W/<XlslB40A lCcfcoT/W/<X£;ft4®9S<t. 
7^*-*50A a>«tt«t«tt21i:(D»JE«ttt©« 

[0 0 4 0] f Lt, 7c<b*.[4. «Sft/<-C/<XEI»40A 

280)«Eli. mEhb$$S30(DA^32fC^^ibtirS2|im 
JE31a /£l+lc«fcoTSfeS**L*. a 0/<X 37 -r 0SS 10 
60(cJ:oTAPD 70lzEpjra2*i,4/<.f T^mii^M^/S^ 

££fcAPD 70CDA^m5S7b<lt^Lfcli^ 
14. 4S^65c7)mi£±#*IWiJ:-r^^5lc^l!j^f «. 
[004 1] «±<D.fc3fc«Mi*«y. Kj^£fir5Z<t 
f^cfc ot, fflTXOH 5 lzjfcif£Ang:[5]ss43£ »]»-#-* z 
<b*<T?£. E]B««£*&fc/I\S<*-*z£A^c#* 0 
£U^mai9:^<bAPD 70a>a«»«i*fT3fc*lc«*.28 
*?>«*/<-f/<XElB40A lz«il*3l*at?J:5lc«ja 

H5lcfcl+41m«I5lB43lCj3^Ta6±-r4*^H2!y hie 20 

fc. mE^T3El53»20B HI 4 00«JE pT£[h]B20A left 
[0 0 4 2] 0 7I4. HI6CDAPD ffl/W7X«EE1M»E 

Biooc(D*it«<Digi»«rtirtei+*ai*fliffi»3EiaB4i 

COHlcfe^T. tB*mffK^(H]B41A 14* 4ST-28om 
^S30(7PA^l32lcA^*^^TL^4maE^/<Y/^X-r4fc 30 

fcf^«sfc*5i#»*h^>$;x*4i2 cd=] 

at?. *-xiri***«iE*±i§iB4ii ^bh7>vx 

£412 *Mft*-ti-*fc«)a)«EA^JiP7Lei*fCl^4. 15 
^5Hci*RTSettta»413 *<»«**u ffi2ffl5l4Is]B<0Sffi 

[0 0 4 3] aJ^miEl5Sl5]ffi41A Ic^oT/W^X* 

*t*ftai*prse»ta*4i3 iCcfcor»ffi**i. 

/<XJB(D h^>vX£412 0)3U^4rflja)iftta (7*;f 
*50A <^StafllRL^{gtt21i:CD^JESfii) t/<-f/< 

[00 4 4] tb^miEiasiE]»4iA a^s/s^n^Oc*:? 
^^cfcaic^^o ^fe\ siEpr^[ei»20B £B4<d»ii 

BI^(HlB20A fca#»5L«Z£*J:l\, 

[0 0 4 5] 1811 U6CDAPD Jfl/W 7Xai£«ll»[5] 
B100CO>«lKfla)IBHHKAI=feft«adeMfl||§IB42A 0) 50 



AftnaBBftfteOTi-H-efts cm sussed 0 zo> 

Hlcfclvc* affifflffl!sJB42A (4. APD lQ<D?ls-<y? 

A*323^&/W/<xLr«a*5i*at?. si^afcma 

14. h^>vX£422 <D=i U£*l::qRl*&**i*. 
X C:l£;£J£-tz >-*421 £ *l T l> 4 „ 15 % y £1-14 
BT^Stt423 tt«WI]Ba)*fi*tta?42 
4 lz«tt*j|vci**. 

[0046] C<&ai£*t«[s]B42A Ic J: ot/\V/Ujf 
4x4«att. nT««fii423 IzioTnTSEStu h^>v 
X£422 (7)3 U^^fliJCOfitn: (7*;f*- *50A (Dgfi 
{SRL£|£tt21 £<&#EEjg*A) /<X«ffi£a>«lCcfc 

[0 0 4 7] C<D;^j£-k>+M21 [4. J8fflaS£8WiL 

Wje-rsaffs-ta^L^— xfc#^* D ajt-tvu-421 

h^>vX*422 ©:3L/**«a>«tn: (7*;f*- £50 
A 0)«ta«[RLfc«tS21i:a)»BE«ta) I5 7«|(D 
ffiJS (nF««ia423 X == -/ £ <t X 1 0)m<D&'& 

>i;x^422 fcaU**«tt*xs**«ttfcl::«fc-3T 
«Adh«ii«lslBXtta)n«|tf-tfnic«:«i|ft % a£ 
-fevU-421 ^»-3ffl*«E0)ajK«fttt-ta)**«iT-28 

[0 0 4 8] h^>vX*422 £=i L/2*Sfii<!: 

x=7^SfAt(^o T*8fi£ S *i 4 JfWEIB»tt*<*iJff 

l*«»«**tr«|«8(Da*«»fcLT«*l4. *t> 
iz % h^>vX*422 fcaU^*«Stfcx5^*«Btfc 
fc«fcortllfiE**i4i8'l'S0BSfitA<v^±xfijfi*}#o 
a£-fe>tJ-421 7b<Som^mE^;SS«»l4v^ 
^-XfiJf#^*4xTfi» : ?-28<7);Sa[fi6ai: LTiWii. 
[0 0 4 9] OL±a>*5\z % apd 70a>aae««O)KX« 
;SS-tr>it421 Lfcaftrc«J6-r*ffl*«EEf=: «fe 

or h9>»x* w/^«a**wp-r* j: 

5ic«^L/cO-e. #«ic«*<i:iaB«*-e*«-r«c 
t*<-e*5. Lfctfot, /h*L^EiBa«T?*S-r*c: 
t/)<t:^4o fcfc\ mH^I^[l]K20B ^E!4(7)miinj^ 
0B2OA fC«#«x.rt»<fcl^o 

[0 0 5 0] 0 9(4. APD ffl/<^7xmEE*J^lIe]B100D 
0>3jlfi«(DlHlB«|jS"Cfcy, H!7(Ddi^imiElftSlHlB41 
A fc«fct/ia8<Daaffl«lsIB42A ^ttfflL/blalBW/a* 

*-rn-c*4 (*7*ifi«) o c<oEllrfcl^T. smEE 

9S±(HlB1 0^ b ilSSmEE A<ffitn:21 IzEP^d * *u 

31a A<«Ett:«»30a)A*3ir^itb*i*t. ifi^mEE 

ISS0K41A (4. APD 700>a3lit«*$ia:£^«*9t« 

«iEJt»»30(DA*32^?>/W/<XL-C«at*3l#a 

t?. mEJt!5SI30f4. A^32(z^-xb*lTLN4T^^^ 
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-$50A (DthJiMIZSOa <t»S®li30a A£tt&U ffi 
^CDA^J3K 32^mm>b<^L<*^cfc5^^28CDai^ 

[005 1] m3S/W'^*ffl<7> h^>^X$24. ffifiW 
5. 26(*. «BEtt:«l»30^e>ai***i*«Et«lP«*30a 

4l=«fcoT/W/<X*ti*«ai:i8tn:21fca)»l-«k-3r 
±C*«iE»TI^«fcoTS«^29. 28a>tt*«ffi*SSft 
*1*4J:5l::»lfM-*. tii^mEEift^[HlS41A 

i*. apd 7oa>«a««*-c»ff-r«ct«*a-r*»3e io 
«ffi»o«a*«iEifc«»3oa>A*32jai^&/W/^-r 

**5lc«ift-r*35^ A2)31£A±i32A(7>mEI*. SEE 
lttt»30A<m*-r*«ffifWW«#30a ic^TSlc^L 

ES&41A iz^oT/W/^SH-BWaiEl*. pT«»Sl413 

fit (Tvx*— *50A <B«ffimi:ftR21A:<D#EE« 

ft) tyU/<xmat©aic*^r*i:««BEi»T»« 

lt4S^29. 28<D«IE£±»*1**cfc3l::KlfM"*. fc£ 

«9E/*<:f/<XE]l»40A |c* -a T/<-f/<X 20 
»AMfn<Di»*l** «B^28©«lEtt«EEtt:«»30lw4-x. 

[0 0 5 2] aSttfflt£]842A "CI*. APD 70<Z>:?L'-^ 
^0 >«Ea>aflE«»»o)mat *«BEikK»30a) A*32 

ja^&/W/^-r*ck 5 icKurrstf, A*3i a a^32 

£*$«[§]S&42A lc£oT/^/<X2*i&m3Kl*. "5I^« 
SC423 IZcfcoTpTSES+U h^>vX*422 0)3 
■0)«tn; (T^t-*— »50A <0«tattRLt»tit2ia)»BE 
«tS) t/W/^X*3lEi:a)afz«fcoT*i:«*E»T» 30 
f£l+« : F28a)«E*±**-H:*«l:5^«|f*'r*. 
[0 0 5 3] ::-c, SS-fe:/tM21 l±, fcU^mEElcft 
l©aK«ft*»o^-efc40)-e, h^>^x$422 

0)3U^$ffii]CDffitn;A:. xs^^ffl©'«ta (RT«Stn;42 
ft*?*, h^>v>X£422 tal/**lfl)»Ktx5*; 

r*. 4a>**«T-28a>*BEi=»-r*a*«*tUT3Wi 

40 

[0054]-??. h^>vX$422 taU9*«fl)» 
ta A: x 5 y $ «(Dttfit A: Ic «fc o T«J«**i4i««iaB* 
ttA<«»*»oil*. MIt-fe^-y-421 A<»odJ*WEa> 
?SffifiS»(*s «»«**tTtt^280>*JE(Daa«»i:L 
T3t;ft£o £f=, h^>S?X*422 Ar3U**«H<D«fii 
A: x 5 -/ £ A: fc J: o TfltJ** jfxSfcttEi&SUft 

[0055] ISl±(0«fe5a«fiei:»f*lcJ:oT:. Ui*« 50 



IE(DR5£AAPD 700>&Ktt1R££tt?28*i&<DW3lt€/< 
-f /^X-^4*aizLTl^4t=i6. WEJ±!fc*<0Aaa)a 

7?^^ 0 ttfe. mi£pi^ts]s»20B £H4<D«a=nrs6ii]!» 

20A ICE ttcfcl^ 

[0056] laior*. apd m/UTxnEtmmm&woo 

fc^o Xt-v^SIO -Cli. APD 70<£>:?U— ^^VlE 

i*. asM(Xg]»42A i=a*tat?/W/<xma*-tfpi= 

At-^^S30 -CI*. pTK»fit413 lc^orffi-7-28 

A^^^S50 -CI*. «T«[JSfii423 ICcfcy^AIfl^LfcAP 
D 700)^U— &y^>«BEO);aK«»*«l»?-28a)«Elc 

J£413 ic«fey«li^65a)HS*B£SAPD lO(D&mmfem^ 
afc*«BEf-R3E-r*. 

[0 0 5 7] H11I4. H1O(DM»XH£»ffl-r*fctt<0 
[H]»IIIS£ttia-C»&« 0 Xir^^SIO CljSlvC. APD 70 
(O Z? U— £ 9*7 >«E0>aflC«» t A: l=f * 

4. S&i::. APD 70lc3te«**S]ftrt-« o APD 70lzK® 
*#i*««*«««ffi*»«*Bi»80"C«E«»'*"* A 
ttlzJ««L. *tti«ffi«*80a CffMUMM 

[0 0 5 8] APD 70fc:?L,— ^?0>lE^b» 

<3Et«A:#a)Hi)HJ«Ei:-tfl)i:*a)?f^Hy**iM£ 
L. 4$ttHa>m$6£APD 70coEn*omEA L«tt*W#K 

Kft**»#«yW«tiA<tt*A:*a)BiJD«BEt-t 
(7)A*0)»#iay**^SL. #ttBBf=^n^ h-T*. 

c: a) ct a * » y is u r Bf s g) y t a 

[oo5 9] ■iit#HLr. ^rc, xt-^^S20 \zt$ 
l>ti*. ti3^mEissiH]84iA ^m<*r*(7)i±i^m]E*ai 
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* r h t~ & iwasffl®[5jK42A icsfcua t? / <^ / <x wat 

TI4. K J 7i/i?X.*422 O)*— XBte^X-f IC 
«fc-o-C[e]S&OT£<eS<a426 Ic SiiSt" w <h A<M £ L I* « 

crot^roa^sroiftsmiE^Hvi t-r-s. 

[O O 6 O] til*miEK^iaK41A 14. APD 70(75Silig 

^^n^-r^>ift^mEE»rom3S^miEtt«s3oroA^ 

32£fr C,/W/(Xt4J: 3 A*31 ,k A2) 

32<omiEI±, «EitSI§30A<tbA-r-5.mEfiJfflHI#30a 

46, tiJ*«IEia^lHlK41A Ic^oTA-f^X^-SmSS 
14. or^ffifci413 fz«fc-3TiS:ft£*u h^>yx5412 
<D=iU^$fl!l<7>»fit (7«;f*-: S50A ©SfitteRLttS 
fiWIirottEffitfi;) fc. /W/<xm3StO)^r-J;or± 
i:*«E»T»f£f+MI«8<0*EEt±**-tt-* «fc 3 l=» 

[0061] x^^^s4o izfcLNTi±. ^mmmmmi 

tfc«S*-424 icJSiB&Lfc h i 5>e?X$422 CD"*— X.m&£ 
»firf*o At-s/?S50 l=fe^-C(*, plSE«fti423 1=* 20 
•D-CTASIjeLfcAPD 10<D7\s—9W*W&<D3UM 
^^€^28lc^x*fc46©ffi^$*fa (Sffi«^©S 
ft) = adEMtHSB42A I*. APD 70© ^U— S7$f^>m 

®ft#30a iz J: o r L L**ff l= tt« J: 3 $ 
*VCl>*fc*!>. ;SS*S«Ie]K42A icfc-aT/W/tA**!. 
*«H£I*. olSffita423 Ct-sTWJESti. h7>vX 
$422 0=ils99fltotttt&/<^/<;i*9t&a>flll::*-3 
T S6£f **EPTF#*: It tftiF280*BE *±* * # -S <fc 

3i=«hm-*. 30 

[0 0 6 2] zc-e, iSffi-fe^-9-421 14. di^miElcff 
ScDSS«Sl$l#o^t?fe^a)T?. h^Vi?X5422 

ft£:b*>. K i 5>i?X$422 iaU^^gfittpT^ 
JStfC423 fcl=J:or«fiE**i.*lStB^ttro*J»*<-tfn© 

sjs-tr ^-y-421 A<i#-oaj^mBEflja^«sti**ro 

**^+28<7)mEI-*f-r - 
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